Activities of daily living can be affected by cognitive decline. Self-report measurement of functioning is attractive due to ease of data collection, low cost, and accessibility via technology-assisted means, and for understanding patient perspective. A concern is with reliability of such measurement as cognitive decline occurs. We compared a widely used, self-report "legacy" measure of functioning, Lawton and Brody's Instrumental Activities of Daily Living Scale (IADLS), with a subset of physical functioning items from the Patient-Reported Outcomes Measurement Information System (PROMIS). The study sample consisted of 304 individuals of varying cognitive status: normal, mild cognitive impairment (MCI), or early dementia. An expert consensus method was used to select PROMIS functional items most relevant to neurocognitive disorder and to identify major functional sub-domains. Selected PROMIS functional subscales and the IADLS were then evaluated with respect to cognitive status. Few PROMIS functional items were useful in identifying MCI, while we reaffirmed the utility of the IADLS. Also, even mild depression levels were found to have negative effects on functioning according to both PROMIS and IADLS.
Introduction
Physical function decline is known to be associated with dementing conditions such as Alzheimer's disease (AD; Auyeung et al., 2008) . Physical frailty, weaker grip strength, and slower chair stand test have all been associated with cognitive decline (Auyeung, Lee, Kwok, & Woo, 2011) . Functional indicators of neurocognitive decline that can be seen in persons with AD are important because timely identification of these deficits can potentially help inform planning and care approaches that optimize longer term health outcomes and quality of life. Given the need for early treatment planning, it is of particular interest to determine if elderly people with mild cognitive impairment (MCI) report subtle functional deficits that may help predict conversion to dementia.
Several tools are used in routine clinical practice to evaluate both cognitively intact and impaired geriatric patients (Sajatovic & Ramirez, 2015) . Unfortunately, no single measure has proven ideal for all patients, and certain Activities of Daily Living Scales have proven less reliable when used in people with dementia (Bucks, Ashworth, Wilcock, & Siegfried, 1996) . Moreover, many commonly used scales are long or cumbersome to use and need trained raters to administer, thus being impractical for use in typical clinical settings.
The National Institute of Health (NIH) funded the Patient-Reported Outcomes Measurement Information System (PROMIS) that measures seven common health domains, including emotional distress (depression), anxiety, pain, fatigue, sleep disturbance, physical functioning, and social participation. Advantages are that these brief measures are completed by patients and can be accessed via computer through a centralized testing system (Cella et al., 2007) . There have been numerous reports on PROMIS measures, including more than 100 in 2014 alone. PROMIS has been demonstrated to be a valid and reliable source of information from patients across multiple ethnic and age groups (Jensen et al., 2015) and in a variety of health conditions, including rheumatoid arthritis (Orbai & Bingham, 2015) , cirrhosis (Bajaj et al., 2011) , depression (Irwin et al., 2010) , and fatigue (American Psychiatric Association, 2013) .
In spite of wide use of PROMIS, we are not aware of PROMIS measures being tested in patients with cognitive impairment, except for a report on the PROMIS depression measure by our own study team (Bavelloni, Piazzi, Raffini, Faenza, & Blalock, 2015) . This analysis is from an NIH-funded prospective study to assess the use of PROMIS self-report measurement in a range of domains and across varying cognitive status levels in aging adults. It is expected that shorter batteries than the full set of PROMIS items are likely to be administered in clinical practice settings, and so an objective of this study was to identify relevant subsets of PROMIS items that are potentially sensitive to mild cognitive deficit. We compared a selected set of PROMIS items with a widely used "legacy" measure of functioning, the Instrumental Activities of Daily Living Scale (IADLS; Lawton & Brody, 1969) . We expected that scores on PROMIS items deemed relevant to functional status in older people would differ depending on whether individuals had early dementia, MCI, or were cognitively normal elderly.
Method

Overall Design and Study Sample
Data for this analysis were drawn from a prospective cohort study to psychometrically assess PROMIS and Legacy scales in an elderly sample. Study methods from the larger study are described in detail elsewhere (Bavelloni et al., 2015) . The University Hospitals Institutional Review Board evaluated our proposal (No. 09-10-13) for participant risk and ethical concerns and confirmed that all study procedures were in accordance with the Helsinki Declaration of 1975 Declaration of (revised in 1983 . This analysis included only cross-sectional baseline assessment. The study sample consisted of 307 individuals of varying cognitive status: normal, MCI, or early dementia as categorized by the Saint Louis University Mental Status Exam (SLUMS), an 11-item screening tool used to evaluate cognitive status in adults. The SLUMS has the advantage of identifying individuals with MCI (Tariq, Tumosa, Chibnall, Perry, & Morley, 2006) , accounts for level of education, and has been found to be highly sensitive in both highly and poorly educated individuals (Tariq et al., 2006) . For those with high school education, SLUMS cutoff scores for normal, MCI, and dementia were 27-30, 21-26, and 1-20. For those with less than high school education, the respective cutoffs were 25-30, 20-24, and 1-19. We considered a score in the dementia range as "Early dementia," as subjects had not been formally diagnosed.
We used an expert consensus, nominal group process method to select from the extensive PROMIS battery those items that would be most likely to tap functional impairment due to changes in cognition and group those items into major functional sub-domains. The selected PROMIS functional items and the IADLS were then evaluated with respect to cognitive status, and the PROMIS subscales were modeled as dependent variables in regression analyses. Other covariates such as age, gender, depression severity, and medical comorbidities were included in the regression models (Charlson, Pompei, Ales, & MacKenzie, 1987; Yesavage et al., 1982) .
Specific Procedures
In a two-step process, nominal group process was completed to select a PROMIS functional status subset that may be sensitive to cognitive decline. In Step 1, prior to assessment, an expert panel identified 62 items out of 125 in the PROMIS physical function item battery most likely to be affected by cognitive decline. An expert panel of six clinicians and researchers with direct experience in the care or study of elderly persons with cognitive impairment selected the items using the Nominal Group technique (Jones & Hunter, 1995) . In Step 2, we further aggregated items into four subcategories. This stage also was done by expert review and discussion among research team members. Four subscales were identified, and associated with the following domains: physical functioning (P), fine motor functioning (F), physical functioning with cognitive component (PC), and fine motor functioning with cognitive component (FC). An item was deemed to have a cognitive component if it involved significant planning, sustained attention, or working memory likely to be affected in a typical person with MCI. See Table 1 for the list of items and the subscale breakdown. The items with exact response choice wording can be found on the original PROMIS forms.
Legacy Scale. The Legacy Scale was the self-rated version of the IADL (IADLS) consisting of nine functional domains including money management, shopping, travel, telephoning, medication use, housekeeping, meal preparation, handyman work, and laundry (Lawton & Brody, 1969) . The IADLS typically takes 10 to 15 min to administer.
Comorbidity. Comorbidity was identified with the selfrated Geriatric Depression Scale (GDS; Yesavage et al., 1982) and total number of medical comorbidities with the Charlson comorbidity index (Charlson et al., 1987) .
Data Analysis
We estimated Spearman correlations of the IADLS among the four PROMIS functional subscales, as well as with the SLUMS total score. In addition, we correlated SLUMS with each of the functioning subscales and IADLS. Finally, we modeled the PROMIS subscales and IADLS as dependent variables in regression models. Besides cognitive status, other covariate information was included, such as age, gender, GDS, and Charlson index. For the PROMIS FC scale, presence of arthritis condition was used instead of total number of medical conditions, because this medical condition was viewed as having the most direct impact on these items.
For the PROMIS P and PC subscales, we fit linear multivariate regression models. For the F and FC subscales, we used ordinal regression with ordered categorical outcomes, due to apparent lack of normality in the subscale scores. Predominately high functioning occurred 1, 2, 4, 5, 7, 10, 12, 15, 16, 18, 23, 27, 28, 30, 33, 38, 47, 48, [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] 62 Fine Motor Skills only (F) 3. Does your health now limit you in bathing or dressing yourself? 9. Are you able to use a hammer to pound a nail? 11. Are you able to cut your food using eating utensils? 17. 3, 9, 11, 17, 19, 20, 21, 25, 31, 34, 36, 37, 41, 42, 43, 44, 61 Physical 6, 8, 14, 22, 24, 32, 35, 39, 40, 45, 46, 60 Note. PROMIS = Patient-Reported Outcomes Measurement Information System.
across items, so that a strong degree of skewness was present in these score distributions. Ordinal regression allows for ordered categorical outcomes, as opposed to normally distributed scores, while still allowing for regression modeling. The data for F and FC subscales were binned into three distinct groups: normal, impaired, and severely impaired. A fair majority of the patients were placed in the normal group, while some were impaired, and fewer were deemed severely impaired. If an individual only reported mild difficulty in relation to one or a few items, they were still considered normal. As the number of items an individual reported difficulty with increased, or if they reported serious problems in relation to a few items, they were placed in the impaired category. If the individual reported difficulty throughout the items or reported severe difficulty with multiple items, they were deemed severely impaired. Table 3 shows the moderate Spearman correlations between each of the PROMIS subscale scores and IADLS total scores (p < .01). Negative correlations are noted between PROMIS and IADLS because higher scores for IADLS indicate better functioning. Moreover, the correlation between SLUMS total score and IADLS was significant (ρ = 0.20, two-sided p value = .001, n = 271), but were close to 0 in value with the PROMIS subscales, thus indicating the lack of correlation between SLUMS and PROMIS.
Results
Summary Findings
Correlations Between PROMIS and the IADLS
Functional Associations With Cognitive Status
As noted in Table 4 , the item-level analysis of PROMIS found only one item (Item 37) with cognitive group difference p value < .01. Overall, there were no differences between the three cognitive groups and even some fluctuation in the expected ordering of the observed grouplevel mean values. In regression analyses, depression level and age effects appeared to be significant across the three cognitive groups. GDS and age were associated with significantly poorer functioning across all four PROMIS subscales (either t tests or Wald's tests). When adjusting for covariates, cognitive status generally did not have a significant effect on PROMIS subscale scores, with the exception of the FC subscale. The FC subscale is comprised of items deemed to have a cognitive component and requiring fine motor skills. On the FC subscale, the MCI and early dementia subgroups were significantly different, with the MCI group having higher FC functioning (p = 0.002). Early dementia and normal groups were not significantly different, however, and surprisingly had similar estimated effects. Given the possibility that the MCI and normal groups may not be clearly differentiated by the SLUMS criteria, we then combined normal and MCI groups and compared the combined group with those with early dementia. The same respective regression models for FC subscale and IADLS were then fit. For the FC subscale, the two-level cognitive status variable was not significant (p = .10).
As a comparison, we conducted similar regression analyses with the IADLS. In contrast with the PROMIS FC subscale, those with early dementia had significantly lower levels of functioning according to IADLS than MCI (p = .002) and nearly significant lower levels than with normal (p = .099). Combining normal/MCI versus early dementia within an IADLS regression, the p value was .003.
Discussion
This cross-sectional evaluation of well-characterized elderly individuals with varying cognitive status compared a widely used legacy measure of functioning (the IADL) with an expert-selected subset of PROMIS functional measures and evaluated each instrument's ability to differentiate groups with normal cognition, MCI, and early dementia. While a selected PROMIS physical functioning battery chosen by expert consensus correlated moderately well with the IADLS and the PROMIS functional items were able to distinguish those with early dementia versus a normal/MCI group, the PROMIS items did not differentiate MCI from individuals with normal cognitive status. It is known that self-report measurements become less reliable as a person becomes more cognitively impaired (Edmonds, Delano-Wood, Galasko, Salmon, Bondi, & AD Neuroimaging Initiative, 2014) . Anosognosia, the inability to recognize a clinically evident disorder, is prevalent in those with AD (Mak, Chin, Ng, Yeo, & Hameed, 2015) . As recently pointed out by Rodakowski and colleagues (2014) , there are no established standards for measuring preclinical disability in performance of activities of daily living in individuals with MCI or mild neurocognitive disorder. In the analysis presented here, all the PROMIS functioning subscales were moderately correlated with IADLS, suggesting that the PROMIS functioning scales are measuring similar constructs. If one compares the content of the eight IADLS items and the 62 PROMIS items, some similarities are apparent. Overlapping domains include food preparation, and housekeeping. Areas with less overlap include using the telephone, doing laundry, transportation logistics, taking mediation, and handling finances.
With respect to the relationship between the legacy IADLS and cognitive status, we found a natural ordering of functional levels by cognitive status, with the dementia group having significantly worse functioning than MCI. The IADLS instrument has been related to cognitive status in elderly individuals in other research (Peres et al., 2006) . Some studies suggest that the IADLS can be used as screen for dementia, but there is also a need for further validation to draw definite conclusions, as results have been mixed (Castilla-Rilo et al., 2007; Iavarone et al., 2007; Jefferson et al., 2008; Juva et al., 1997; Mariani et al., 2008; Pedrosa et al., 2010) . Our own findings support the assertion that IADL might help discriminate dementia status through assessment of functioning. The significant correlation with SLUMS total score, in contrast to the lack of significant correlation between SLUMS and the PROMIS subscales, also gives indication of the relative sensitivity of IADLS to cognitive status.
In contrast with our original expectation, we did not find differences for PROMIS functioning at the item level across cognitive groupings. Three of the four subscales within the PROMIS battery that assess different major functional domains were not differentiated by cognitive status. The exception was the subscale that focused on fine motor activity with a cognitive component. Fine motor functioning that involves both fine motor skills and focused attention or planning may be an area where selfreport reflects differences in cognitive status. This could have practical implications, by identifying a functioning domain where perceived impact may be different for early dementia subjects relative to non-dementia. Perhaps another reason for the general lack of significant cognitive effects on the PROMIS functional subscales is the generality of the functioning being assessed. Rodakowski and colleagues (2014) used the Performance Assessment of Self-Care Skills (PASS; Rogers & Holm, 1989) , an observation-based assessment that evaluates basic and instrumental ADL performance through standardized, criterion-referenced observations in an individual's home. The study by Rodakowski et al. (2014) found that two tasks (shopping and checkbook balancing) were the most discriminating (area under curve 0.80, p < .001) in being able to differentiate cognitively normal elderly versus those with MCI. Perhaps the PROMIS functional assessment might have been more likely to identify differing cognitive ability if these domains were assessed more specifically.
It must be noted that in our sample, most participants had at most only mild depression. In this analysis, both the PROMIS and the IADLS appeared sensitive even to mild levels of depression. Similar findings have been published on this phenomenon regarding the IADLS (Channon & Green, 1999) . Others have also noted the negative effects of depression on functioning among older adults (Austin, Mitchell, & Goodwin, 2001; Fitz & Teri, 1994) .
Our study had a number of limitations including the sample size, limited numbers of minorities, and the fact that most individuals were well educated. It has been suggested that individuals with greater education have more cognitive reserve and may have functional compensation in spite of neurocognitive decline (Amieva et al., 2014) . Also, our subset of PROMIS functional items was not tailored to assess cognitive-related decline, but rather more focused on physical functioning. Finally, it should be pointed out that the SLUMS-based cognitive groupings were not validated by a more extensive clinical review. Hence, there may be some imprecision in how the cognitive groups were identified.
Conclusion
In conclusion, in this well-characterized sample of older people, selected PROMIS physical functioning batteries correlated with the IADLS, a widely used legacy measured. However, overall the PROMIS items and corresponding proposed subscales were not sensitive to cognitive groupings across the spectrum from early AD to normal status. Our findings reaffirmed the utility of the self-report IADLS in identifying functional differences of cognitive grouping, particularly for early dementia. Self-reported measures have the advantage of being low-cost, low-burden, and accessible via technology-assisted means. Additional studies using self-rated measures of functioning in older people with minor neurocognitive disorders may thus help in developing care approaches that are pre-emptive and practical, as well as being useful in helping to detect cognitive change itself. From our findings, such self-reported measures of functioning should assess activities with more direct cognitive involvement than the physically-oriented PROMIS items analyzed here.
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